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PURPOSE

The purpose of this contract is to design and construct an

engineering test model of a rack mounted, audio recorder-reproducer

using plastic base oxide coated tape and capable of operation at vari-

able tape speeds. The recorder-reproducer should accept two signals

for simultaneous dual track recording and playback.

The above work was proposed to be carried out in six phases.

The first and second phases were completed during the early

part of the contract and are covered in Interim Report No. 1. The

third phase, which includes "Prototype Test and Final Design" was

also started during this time and completed during the second

period. This area is covered in the present report. Phase No. 4

"Procurement and Manufacture of Three Units" was under way at

the latter part of the period covered by this report, and is still going

on.
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ABSTRACT

This report covers:

1. Finalization of the prototype circuit design and tests

carried out on same. During this period we encountered -che

problem of hum-elimination in the high-gain playback amplifier.

Equalization circuits were finalized. In the tape transport

mechanism we had several mechanical problems. Certain design

changes were necessary to bring the wow and flutter below the

level required by the specifications.

2. Finalization of the mechanical design and packaging of

both the electronic unit and the tape-deck unit. Printed circuitry

was chosen for the electronic unit and conventional wiring for the

tape deck itself.

A mechanical model was built, the printed boards designed

and made. At the end of the period covered by this report the

model was ready for assembly.
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FACTUAL DATA

Completing the circuit design in the electronic unit, the

following was done:

Playback Amplifier

A few modifications were carried out in the playback amplifier.

The circuit was quite sensitive to hum pick-up, which was traced to

several sources. A higher voltage DC source (25v) for the filament

supply was installed which allowed better filtering and lower ripple,

hence less hum introduced by the filaments. The major source of hum

was found to be the cathode follower input tube, with the associated

components and cables. This stage has been completely eliminated

and the playback head is now connected through shielded cable direct

to the grid of the first amplifier tube. This greatly reduced the hum.

Improved decoupling in the B+ supply line also contributed to hum re-

duction.

Another problem was that the 60 Kc bias frequency registers

on the tape, and in playback this signal came through since the ampli-

fier response is still quite good at this frequency.

Raising the bias frequency to 100 Kc placing a tuned trap in

the plate circuit of V-101 (first half) and an LC low-pass filter in the

grid of V-102 (first half) cuts this disturbing signal to a barely
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detectable level.

The higher bias oscillator frequency has another advantage.

In use there will be cases when recordings are made at 20 ips and

played back at 1 ips. The frequency of the recorded signal will

this way be reduced by a ratio of 20:1, but so will the bias frequency

which also registers on the tape. (In our example a 60 Kc bias

signal became a 3Kc audible tone. ) This signal can be disturbing.

Fortunately the combined response of the record head and the tape

is so much poorer at 100 Kc, that this disturbance becomes very

small. Another helping factor here is, that -- taking our example --

with the playback equnlizer set at 1 ips, the combined response of

the playback head and the amplifier produces a lower output signal

at 5 Kc than at 3 Kc.

An amplifier stage was added to the playback amplifier with

a 600 Ohm output transformer to produce the low level playback out-

put required by the specifications. This same tube delivers power

to drive a monitor headset.

A monitor switching circuit has been added to the design,

and has a dual function. One pole connects the indicating meter into

various circuits of the equipment, thereby providing level indication

for recording, playback, erase and bias. Another pole connects the

jack for the monitoring headset either into the playback or the
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recording channel.

Recording Amplifier

In the recording amplifier an amplifier stage was added to

drive the monitoring headset.

The only other major modification was the change of Vari-L

Model PA-36 to Model TF-ZX1O. This was done in order to combine

the mechanical speed control knob with the recording equalizer.

The mechanical integrator has a control ratio of 1:6, which

produces a linear change in speed with a 1:6 ratio on each range.

(LOW=l to 6 ips; HI=5 -30 ips.) The first selected Vari-L (PA-36)

was not able to produce this range linearly and had to be changed to

TF-ZX10 which has a much wider linear range. See Fig. 1.

Erase - Bias Oscillator

The only modification made here was the increase in frequency.

100 Kc appears to be the upper limit for the ferrite-core transformer,

which at this frequency is still capable of supplying sufficient erase

power for these particular Brush heads.

Electronic Tape Transport Control

The circuitry in the Transport Control was changed somewhat

with-respect to Fig. 37 in Interim Report No. 1. Another position

was added to the four-position switch to accommodate an additional

- 5 -



0

L] I - --

04

44
:24

14

~4 0

0

1-4

%14

02

2

A..>

goloA~ooll ux Aouenbcaj 0o

6-



STOP position.

During our tests we did not find any occurrence of tape

breakage, nor any such tendency, therefore the tape break relay

(RY3) was omitted with its associated circuitry.

RY-I was modified into a PAUSE relay, and a PAUSE push-

button switch was added. This permits stopping and starting the

tape in the Record mode simply and easily.

The pressure roller first was actuated by a 110 v a-c sole-

noid, but too much noise (audible) was generated. Replacement

with a d-c model results in quieter operation. A separate solenoid

was added to operate the fork that keeps the tape away from the

heads in REWIND and FAST FORWARD.

Power Supply

The hum was further reduced by adding additional decoupling

RG networks in the B+ supply.

Another modification in the Power Supply was the change

from a 6 vdc filament supply to a 25. 2 vdc supply. This further

aided hum reduction.

The Circuit Diagrams of both the electronic and tape deck units

can be found at the end of this report.

Tape Transport Mechanism

Tests first carried out on the transport mechanism described

- 7 -



in Interim Report No. 1 (pages 83 to 85) indicated that at certain

speeds wow and flutter was above the level specified in the specifi-

cations.

It took some time before the causes were found and cor-

rected.

One contributing factor was found to be the tape guide pins.

In order to keep costs down, instead of using expensive ball-bearing

rollers guide pins were selected. As the tape moves past these

guide pins a certain amount of friction is generated. This friction

force unfortunately varies with the pulling force. The pulling force

on the other hand is subjected to various factors, for example the

distribution of tape between the supply and takeup reels, reel ec-

centricity or warpage, density of tape wind (loose or tight), splices,

mechanical vibration, and similar. To reduce the effect of these on

the tape at the heads, a flywheel with a moment of inertia equal to

0. 7 lb in 2 was added to the capstan shaft. This resulted in some

improvement at high speeds and more stable operation. Then another

flywheel was used with 4.0 lb in 2 , but offered no significant improve-

ment over the first one. Since the application of a sarll flywheel

appeared to be advantageous, it was decided to incorporate one with

approximately 1. 0 lb inz inertia into the system. It to connected to

the output (capstan) shaft of the integrator.

The amount of tape (both by its weight and diameter) affecta
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wow and flutter. The more tape, the higher the inet'rtia, the smoother

the tape pull. This point was improved by adding we-ht to the reel

hub in form of a plate on which the plastic tape reels rest. This has

an added advantage. Since its diameter is larger than that of a small

5-inch plastic reel, an eventual loose loop cannot possibly get under

it and tangle up.

A further step taken towards reduction of wow and flutter was

decreasing the wrap angle at both the heads and the guide pins. Both

of these result in more uniform tension and smoother operation.

During the tests a slow transverse motion of the tape was

noticeable as it ran past the heads. This was eliminated by placing

a plastic guide block between the record and playback heads.

With all these design changes the wow and flutter was cut down

to . 15 to . 45% depending on tape speed.

The originally selected sprag-clutches were changed for a

make that costs less and offers slightly less friction in the forward

direction.

In the initial design the sprag-clutch housing was a separate

unit. In the improved design this was combined with the torque motor

support. This has the advantage of reducing the number of parts and

eliminates a formerly difficult alignment problem,

An improvement was made in the solenoid actuation circuit.

-9-



In the original design one solenoid actuated the tape pressure roller,

which through mechanical linkage moved the tape lift-off fork. The

new design employs one separate solenoid for the pressure roller

and another one for the lift-off fork. In this way the pressure roller

is away from the capstan except during recording and playback and

no permanent deformation of the rubber roller can result from the

(previously) constant pressure on it.
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FINAL LAY-OUT AND PACKAGING

Electronic Unit

In the lay-out and packaging: accessibility, ease of servicing

and compactness were kept in mind in addition to the electrical

requirements and ease of operation.

A major aspect of the mechanical construction is that the

unit will be subjected to severe vibration and shock tests.

Since the recorder has two identical channels of operation,

it was decided that one record and one playback amplifier will be

combined into a single compact plug-in unit. The complete unit

uses two of these plug-in units and they are completely interchange-

able. This idea has several advantages. Manufacturing is simpler,

In case of breakdown in operation, the inactive channel can be un-

plugged and serviced while the other one carries on, or a spare unit

can be plugged in for that time; Servicing of this plug-in unit is

easier. Printed board design was used within the plug-in units, one

for each amplifier. When spare boards are available, servicing a

unit amounts to changing the board only.

The electronic chassis can be roughly divided into three

sections. The middle third is occupied by the power supply in an

enclosed area. The loudspeaker is mounted on the front panel in

this area. The plug-in units slide into the unit on either side of the
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power supply and they are interchangeable.

The power amplifier mounts on the side wall of the power

supply at the rear end of the chassis. The contract calls for one

power amplifier, but space has been left so that it can be duplicated

for a second channel on the opposite side wall if need calls for it.

One mechanical model was designed and built following

these principles and has worked out very well. The printed boards

have all been designed and made. At the time this report is written,

the unit is ready for assembly. Fig. 2 is a photograph of this model.

Tape Deck

The basic layout of the initial design was not changed sub-

stantially. Most of the components of the Electronic Tape Transport

Control were packaged into a complete unit in a housing and mounted

on the side wall of the U-shaped frame work.

All motors and the mechanical and electromechanical com-

ponents are easily accessible for repair or servicing.

The heads are mounted on a small adapter plate which is

bolted to the front panel of the tape deck. Behind the front panel

and just below the adapter plate, the bias oscillator is located in a

shielded box.

An artist's concept (mounted on a standard rack MIL STD

189) of the complete recorder-reproducer is shown on Fig. 3.
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CONC LUSION

The design can be considered to be finished. Minor "rbugsr"

can be expected in the first production unit built, but no real dif-

ficulties are expected.

The elimination of wow and flutter presented difficulties

and required considerable effort.

In the electronic unit elimination of hum was the major

problem.

Efforts during the period resulted in lowering these dis-

turbing signals below the level required by the specifications.

Lay-out and packaging was completed during the period,

and final assembly started.
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PROGRAM FOR THE NEXT INTERVAL

We expect to complete the manufacture and testing of the

three units during the next interval and deliver them along with

the instruction books, etc.
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IDENTIFICATION OF PERSONNEL

The following technical persons are assigned to the contract

and took part in the work covered by this report:

George E. Franco, Chief Engineer and Project Engineer.
Supervisory activities.

Donald E. Reed, B. S. in E. E., Senior Electrical Engineer,
Project Engineer. Work performed 84 hours.

John L. Toth, B. S., Electrical Engineer. Work performed
284 hours.

Kenneth Smith, Engineer. Work performed 352 hours.

John L. Baldwin, M. S. M. E., Senior Mechanical Engineer.
Work performed Z63 hours.

Ralph S. Walker, Designer. Work performed 424 hours.

A brief description of the background of each of the above

listed persons can be found in the following pages:

- 17 -



GZORGE A. FRANCO

Vice President, Engineering TOP SECRET Clearance

Mr. Franco has had progressively important duties in the fields
of communication theory and practice, and engineering administration.
His record shows both basic contributions to the state of the art and skill
in the difficult act of managing scientists and engineers.

EDUCATION:

Lehigh University, Bethlehem, Pa., BSEE
University of Rochester, and Massachusetts Institute of Technology

Graduate courses in Information Theory, Communication Theory,
Numerical Analysis and Analog Computers.

EXPERIENCE:

American Scientific Corporation, Vice President-Engineering,
1962 to Present.

Sanders Association Inc., Communications Center, Washington,
D.C., 1962. General Manager. Responsible for all technical
and administrative guidance of Communicati'nns systems and
techniques.

General Dynamic s/Electronics, Rochester, New York,
Associate Director of Research, 1961 to 1962. Responsible for the
technical and administrative direction of three research laboratories.
The technical areas covered by these laboratories were Communication
Techniques, Media Studies, Computation and Control, Instrumentation
and Measurement, Networks, Circuits and Devices, Communication
Mathematics,, Systems Research.

Manager, Radio Communication Laboratory, 1958 to 1961.
Responsible for the technical and administrative direction of the
laboratory. The technical areas covered by this laboratory included
Communication Technique a, Propagation and Coding, Microwave
Techniques, Solid-state Circuits and Bio-physical Communication.

Head of the Communication Techniques Section within the Radio
Communication Laboratory, 1956 to 1958. Responsible for all
work in the section under the general direction of the Manager.

Development Engineer, General Electric Co., Syracuse, N. Y.,
1955 to 1956. Engaged in the development of advanced electronic
circuits for the Sage and ICBM program.



GEORGE A. FRANCO (Cont'd)

MAJOR DEVELOPMENTS:

Conceived and responsible for subsequent development of an
Orthogonal Communication System.

Conceived and responsible for subsequent development of a
Matched Filter Communication System.

Frequency Shift Keyed Receiver
Signal Detectors
Polarization Modulation Data Transmission System.

AWVARDS:

General Dynamics/Elecronics Annual Award for Outstanding
Achievement in Science and Technology, 1960

PATENTS:

Frequency Shift K eyed Receiver, Patent No. 2,897, 269, dated
7/28/59 (6 claims).

Detectors, Patent No. Z,937, 237, dated 5/17/60 (4 claims).
Polarization Modulation Data Transmission System, Patent

No. 2,992,427, dated 7/11/61 (14 claims).
Also, 12 other patents applied for:
Signal Coding - 6

Modulation and Detection - 3
Speech Bandwidth Reduction - 2
Stable Signal Generation - 1

PU BLICAT IONS:

"A Compatible Synchronous Radio Teletypwriter System",
Proceedings of the Military Electronics Conference, Washington,

D.C., July 1959

"An Orthogonal Technique for Communication", IRE Convention
Record, Communication Systems, Part 8, March 1961

TECHNICAL SOCIETIES:

Research Society of America
Eta Kappa Nu. (Honorary Electrical Engineering Society)
Institute of Radio Engineers
American Institute of Electrical Engineers
American Physical Society
IRE Professional Groups on Information Theory, Communication
Systems, Bia-Medical Electronics



D"ONA1.1 Z. REED

fiel d eed has 12 years of experience in electrical girnaering and r lat
ields• including electronics, instrraeantation, optics, photography, phatomretryA,

and illumination, He has an exceptionally good backgroumnd i co*t4 *y.temo.,
servos, high speed optical scanners, and printed circuit boards and components.

EDJU CATION:

Union College,- 1950, B.S. inE. E.

EXPERIENCE:

National Bureau of Standards, Electrical Egia•er
Reed Research Inc.

DESIGNED AND DEVELOPED:

Servo Control System for Constant Energy Spectro•sensitometer
Servo Control System for Pressure Sirulator
Light Source for Rectifying Projector'
Special Stereo Camera

Electronic Control System for Orthographic Phot*gramraaeic
Printer

Optical and Lighting System for 70 mm Stereo-viewer
Special Scanning Camera
High Speed Optical Scanning Device for Reduction of Graphic Dta
Electronic Control System for High Speed Wire Mcth Loom
Miniature High G Latching Relay

INVZSTIGATED:

Advanced Techniques for Printed Circuit Board ank Cwp6AQmts#
High Speed Mail Handling Techniq~1es and Equipment
Lamp and Lens Design of Visibility Measuring Dev$ga
Spectral Properties of Photosensitive Materials and. 144 Soo"**

Atmospheric Optics
Airport and Aircraft Lighting and Landing Devices
Magnetic Materials Applications in Microminiatre D0700

TECHNICAL SOCIETIES:

Institute of Radio Engineers
Society of Photographic S.tientists and Engineers
Society of Motion Picture and Televis',n.Engineer8



JOHN TOTH

Senior Electronics Engineer SECRET Clearance

Mr. Toth, a native of Hungary, has an extensive background of
education and experience both in Europe and in the United States. He
has designed numerous items of electronic test equipment, photoelectric
instruments, and cornmunications equipment.

EDUCATION:

Tecj.nical University of Budapest (Hungary), 1951, Diplom
Engenieur (Equivalent to U.S. degree of B.S. in E.E.)

EXPERIENCE:

E.M.G. (Electronic Measuring Gear), Budapest, Hungary
Laboratory Engineer

Hiradastechnika, KTSZ, Budapest, Hungary
Chief Engineer, Prototype Laboratory

Reed Research Lnc,
Electronics Engineer

Nerms-Clarke, Inc.
Electronics Engineer

Space Components Inc.

DESIGNED AND DEVELOPED:

Heterodyne frequency meter
Direct reading frequency meter
Electric photoflash
LVDT displacerment indicators
Distancf! translators
Distance integrazors
VHF transmittex
Voice frequency control cir,. .ts

INVESTIGATED:

Magnetically activated environmental switch (FlluxLink)
Magnetically activated environmental relay



JOHN L. BAL.DWIN

&C-AOr Uechanical Engineer 5ZRT C3xa~ a

Mr. Baldwin has broad experience, both the-ret•cg1 exM practu1
m•ehanical engineering, vith tspecial eIphasig osL mAahje d. j
.H.chanisms. -e also. has experience in hydrodyzaiiics, wI absv
atWoxy te~sting of mcany types of e=~p~iads~1cza . b
~DA-Iain is a,'Xegistered pz-oessionleng@pineer.

UXniversity oa _ Maryland, 1952,; B.S.M.E..
University of Maryland, 1956, M.S.M.E.

Additional Graduate Couries in Aeronauticl •a'b
and Ma' themnatics

National Bureau o! Standards, Student Aide
David Taylor Model Basin, Junior Engineer
Naval Ordnance Laboratory, Project Zngineer
Reed Research Inc.

D•=QN ZD AN D DEVE_-LOPED, In Vhole or in Part.,

inertia Tirmer
Various.•Parachute Containers
Aerodynarn'ic Stabilizing Fine
Subsonic Wind Tunnel Modela
High Frequency Accelerometers.
rqIscr: •ninating Accelerometers (lowfreq%&4a
Ball Lock Release Devices
Air Gun Diaohrams
Explosive Driver s
Maniaal Tracking Mount
Underwater Parachute Test System
bevel Track. Rocket :Sleds
Free Flight Rocket Sleds (Motors bduzn o WO 1 0 sa
Explosive Bolts
(bin Mount f .Model Launcher
Uoting and Cam~era Housings and4 Supposta 9Wy VaWWAWV

photography
%WgA~o~c Free Fall Test System



3ohn L. Baldwin

DESIGNED AND DEVFOPED (con't.)

Supersonic Free Fall Rocket Boost Test byelaw
Components of Several Aircraft Deliverd Wapws
Metal Shipping Containers
Structures for Test Sets
Missile Handling Equipment

IINVESTIGATED:

Aerodynamic and Hydrodynamic Tr&)*ctrita
Aerodynamic Properties of Vartw ehpeis
Prestressed Beam Columns

INVENTED:

Shape and Construction of an Aeodynamic Fin
Various Mechanisms UseS -in an Aea, Doviwy. System

AUTHORED:

Report on the Effect of Varioue fesign Pa.Ueti•5 )Z.g.
Drag Trajectories

Report on Water Impact rorcocs Ap Underwatet 'T,•-,j
tories of Various Shapes

Reports of Various Field an LAbo•r•to:ry Te•ot.
Reports of Various Wind Tuamel Toots

TEC1NICAL SOCIETIES:

American Society of )L.chb ...el Sgimears
Tau Aofta Pi



RALPH E. WALE1

Designer SECIRZT Cearo

Mr. Walker has more than 14 years of experience is auebk afle as
14rgraphy, mechanisms, ordnance, topography, and packaging. Ne ba

desigaed and developed reusable ordnance shipping containers, and also
has designed missile handling equipment and stowage systems, as well as
ceetainers for various commercial items.

MCIAT ION:

Graduate, Class A and B Drafting School, U.S. Navy
George Washington University (attending Engineering School)

SWERIENCE:

U. S. Navy, Draftsman
U. S. Navy, Ordnance Designer
Reed Research Inc.

39 4= AND DEVELOPED:

Terrier Dolly
ftacking Cradle for Talos Missile
Handling Band for Talos Missile
T4aos Handling Dolly Components
lvading Rabbit for SS 580 Class Submarine
liesile Handling Equipment for NAMC

Cartridge Cases
164 Exp. Nuclear Projectile
Lghweight Jacks

WNI6 AT ED:

Fined Ammunition
SS eal Wrap Cartridge Case
38-•n•a. Zxp. Projectile

leoiS DUely for Terrier Missile
%dootal Documentation on All KoaAl Modi f

ase ,•,ig to prbervb6 . V*paa•&ag. Sabi".
heag sad ouppine

mim- 0F~u

-1



, 4,n--

LOA' 4-

J-2I

774 ------

iI Ifl II I I I I

II.

9% - 4 F1

9% I-I -- - - - -- _

__ __ __ _ _ _ - _ _i

S ..1. .. ....... _-_..

>____ _ _______r__.... --,-

_ _ _ _ _ _ _ _ _ _ _ ' I -

K• • r.j, __ __



.• •I zl ' -• l .- - - ,. 1

_ • _ -' k.... -

/ ,I,- 9I

6" I- , .. " .

_ _ _ _ _ ....__ _ _ . . .. 4

ti • -•Y - •"2 '" - . ...

It K

II'_

," _ - I-A, ' IA



I-.R

I . 1.

I--L--

I __



REVISIONS

LYE. aormgnom DATU ApPMOVAL

I F4

1-0< 0\

MAtc:jV



lit. t -

I 1*---
J .. � _ A L...-

y�A�

'-zi AL�

I ______________________

�1 I

7- F

� A? I-
�

I K�1� ____

5.



II

,=__ EL ' 1- /''"J
-_ /, .,.-_c (

6)'



e L

ii,

D- - o -A-R v- i -I ----- I ---. 7

D 4" AG.

I

MAUIL , IR

REDO PAR ,NO. ! oEUo.,PA,,

______ ____ _ U,
UNL.ESS.... .OTHERWISE SPECIFIErD SIGNATURE DATE

DEC,,,Ooc. ,RAC. ANG. ,.. __.••,._ __-: V14/Z45
±- ± =1: CHK.

APPD.

FINISH:
PIG USED ON NEXT ASSY.

APPLICATION _.__ _-S



-7-

REO PAR NO ITMDSRPTO AL. Of F. JMT. SIC RCT N.CT Y,ýUI T OE

/... 7,

p . - "

4

ZG. '/ ./DRI

n-

S[O. PART NO. ITEM DEUCRI~rTION MATL., OR MPRN. IMATL. SPC. OR CAT. NO. CKT. gYM. UNIT WT,. ZONE

- ~~~LIST OF MATERIAL__ ________

RwIsKspECIFIED SIGNATURE DATE

N. RM. IN -R " -EI-' i,'ATPI,."7"';,
± V, CH4K.

"EGR. • - 'p'~ ~~ALEXANDRIA

. 'VIRGINIA
APPD.

Z// 1 KAREV

________ _______ICALE _____I__________

t*



- .Wr. - - - -

9 9 ---4

S.. U -'I �-

co7�

�4I*

1�-.

�I�� (,ii
- -' I -

A

9 *42,, W -

* r

I - A.,

I,,,

S -�.' h-I,'

- '5-

-� -� 4

-9

It S
b I,

.r$I
'.1

* 73D1

FF I- I* 4 F� j y,.- I

* - I �- *

4.. 1 4�jj
I �..I? I-/�'

'I-

N---

C'

I>
'%.'-� ii



* - - ... 

. . ..
a-- -

t/ 

,

-. 

'-%--

4... 

I

* v,. 

! 

" / 

±

I 
I 

-

/--

-...... 

_.>~--~--,._ 

.,-. ... 
.

' 

I

I. 

.1

:.. 

4 v 
-K 

9 

,- 

~. 

.

.. 
.. 

-,_ 

.. 
.. 

.

-.

•.. 

.
... 

.

,/ 

,, 

,.).;......

.5 

1,O 

' 

-

"- 

-

,9i 

' 

' ," --

-
t

'4: 

i 

t 

,

' 

.I.2



\ ,. �
v i --

fT�.
IL3 -4

� /(

I.- -� ���1

A �4-

I I

I . 9 *r-T---¶-� __ I-'

* 49 1;-.<'
£

'4

"I
I..

/ -- � .. L7 -

I .
_ _ - 4 �,, L

'qi - _______

4 J 4.- �__ ________

L�. .-- . - __________

_ K4.--- i -�
I-i4.--- - I -

-1'----

. L•��f t - �



2 - -'• \ ' ' . 4---" 4'

; " ' • .7--. °

-4I

t A I

/ - -
. . . .. ° ,/ . i



I -~--RFVIS'(¢I•

V

I - - -, - --

V , " AZ . ,

' -I

ii ' -- -' r - -

'I"i-A i- -

'I,

_y _.

-- L~. ,• f

, I ' F•' / /= .it /:i

-I,



4-4. 1,¶

1 4 • '-I/

I '/
i I 4

- 0,/ •

: %,. ~~~~. .- • I ,



V, -".i A," --- -

- A III

.., " i 1a.' t 4, *

III

SIF*

""'" 1 I Lj

I I

, , ) -

-2-' ,- ..-- , -1 t..

-I i' I "

/



7 L
if-- ""I" .

1. .

I r i

- '8

• ii

H - (. / " "114

/ I *1 2

I - , I •"1 /
,L L .,

•,,,w J I';, l; -. [.



S... . ..- -7

-• , ,' .: - • ' " -7

/
/

'/

C .

-- ,'....,J. --." "

, -.-- -i

", . 1 - '

-" . - '".f .1



1

-�_- - -

I,,

- ,,'�- t.

-1��

I -

* - I

4,

,-, -' / 7-,

I I
- .--. � -� I I

a. 'XI

'N �

'I -

- I
'-. I �

� -. K *'*�'i
S



IDI.

, 1 0

i Ar /or /

*A



V ", "" - . - ,.~:" * :I -
-, < i. , . - *

I

* , .1 '"

4 -

S- - , 9 t "- " 1xI,- -,

•'•I f- ,--- -

-".• " -'•"

S.... .. .i.::"" " ' -'" .. .4...: .. - I .-- , .

I "ii



1._

/ V
,'V

:1tUNi

DEC

I p
4

EI

S•L APPLICATION



D-C .F R& AN -4

LISTIA OFMAlRA

VAIN r.I

TION Sc^LJE



* ..... .--¶ -* --- ,-,

r RA , -IN i

IA E

,4-R I~--IF(i '~f' i

-.... - --+ -, EX NDR

4 ... .. . . . . . .. .

,_¶_- IST ' OF : -,1, Ni v

-. "" ' ,INA H -- -- - -•



DISTRIBUTION LIST

CONTRACT NO: DA 36-039 SC-89067 TASK NO: 3N3Z-01-001-03-05

No. o1 CoWSge

OASD (R&E), Room 3EI065
ATTN: Technical Library
The Pentagon
Was-ington 25, D. C. I

Chief of Research and Development
OCS. Department of the Army
Washington Z5, D. C.

Commanding General
U. S. Army Electronics Command
ATTN: AMSEL-AD
Fort Monmouth, New Jersey 3

Director, U. S. Naval Research Laboratory
ATTN: Code 2027
Washington Z5, D. C.

Chief, U.S. Army Security Agency
Arlington Hall Station.
Arlington 12, Virginia Z

Deputy President
U. S. Army Security Agency Board
Arlington Hall Station
Arlington 12, Virginia

Commanding General
U. S. Army Electronics Research and

Development Activity
ATTN: Technical Library
Fort Hauchuca, Arizona -

Commander, Armed Services Technical
Information Agency

ATTN: TISIA
Arlington H11a Station
Arlington 11, Virginia 10

I



I

Commanding Office r

U. S. Army Electronics Research and
Development Laboratory

ATTN: SELRA/LNR
Fort Monmouth, New Jersey

Commanding General
U.S. Army Materiel Command
ATTN: R&D Directorate

Washington 25, D. C.

U. S. Navy Electronics Liaison Office
U. S. Army Electronics Research and

Development Laboratory
Fort Monmouth, New Jersey

Commanding Officer
U. S. Army Electronics Research and

Development Laboratory
ATTN: Logistics Division

Fort Monmouth, New Jersey 3

Commanding Officer
U. S. Army Electronics Research and

Development Laboratory
ATTN: Director of Research
Fort Monmouth, New Jersey

Commanding Officer
U.S. Army Electronics Research and

Development Laboratory
ATTN: Technical Information Division

Fort Monmouth, New Jersey 3

Commanding Officer
U. S. Army Electronics Research and

Development Laboratory
ATTN: SELRA/NPT
Fort Monmouth, New Jersey 5

Commanding Officer
U. S. Army Electronics Materiel Support Agency
ATTN: SEIMS-ADZ

Fort Monmouth, New Jersey

|



No. of CoDA..

National Bureau of Standards
ATTN: Library
Washington, D. C.

Commanding General
U. S. Army Combat Developments Command
ATTN: CDCMR-E
Fort Belvoir, Virginia

Commanding Officer
U.S. Army Communications -Electronics

Combat Developments Agency
Fort Huachuca, Arizona

Director, Fort Monmouth Office
U.S. Army Communications -Electronics

Combat Developments Agency
Building 410
Fort Monmouth, New Jersey

This contract is supervised by Mr. Jack Unger, Data Transducer
Branch, Data Processing Facilities Division, Communications Do-
partment, U. S. Army Electronics Research and Development
Laboratory, Fort Monmouth, Now Jersey, Telephone Are& Cede
201-535-2170.

I
I

I.

I.
I
I


